ABSTRACT
Introduction
SAM-e is a key methyl group donor in many important reactions in the nervous system. These reactions involve neurotransmitters, amines, phospholipids, DNA and proteins. This compound is also tightly linked to the folate cycle [1] . Low folate levels have been associated with several psychiatric illnesses, including dementia and depression [2, 3] , and folate supplementation may enhance recovery in several psychiatric illnesses [4] .
SAM-e concentrations have been shown to be decreased in human cerebrospinal fluid from severely depressed patients, from Alzheimer's disease patients [1, 5] , and in post-mortem brain tissue from Alzheimer's disease patients [6] . Based on these findings, it is possible that treatment with SAM-e might lead to clinical improvement in patients with AD.
Bottligleri et al. have demonstrated in a very small [n = 4], uncontrolled clinical study with AD patients that the administration of oral SAM-e for 3 to 5 months (400 mg, 3 times daily) increased plasma and CSF SAM-e concentrations [1, 7] , and improved measures of cognitive function as well as mood and speed of mental processing [8, 9] . Also, SAM-e decreases the increased membrane fluidity seen in AD brain and aged rat brain [10, 11] . Cohen et al. [10] studied the effects of SAM-e administration on 4 patients with Alzheimer's dementia. Those patients received 200 to 400 mg IV daily for 14 days. There were no changes in cognitive function or mood state, perhaps due to the short duration of the study.
Based on their review of the literature, Shea and Chan conclude that preclinical and clinical findings demonstrate that dietary supplementation with S-adenosyl methionine alleviates a variety of risk factors and hallmarks of Alzheimer's disease, and that nutritional supplementation with S-adenosyl methionine may represent an important augmentation for therapy in Alzheimer's disease in the Symptomatic Treatment of Alzheimer's Disease [12] .
The aim of this study was to determine if SAM-e would lead to cognitive and behavioral improvement in patients with AD. SAM-e appears to be a relatively benign medication with few side effects [13] . It has been widely used for the treatment of depression and arthritis in Europe for more than a decade [7] . It is now available in the United States as a food supplement.
Materials and Methods
Seven Caucasian men and women in the 59-90-year old age range with a Diagnostic and Statistical Manual [14] (DSM-IV) diagnosis of possible or probable Alzheimer's disease were recruited from the UCLA Alzheimer's Disease Center and the community. One subject was noncompliant with treatment, and was dropped from the study. All subjects received a physical examination, psychiatric evaluation, EKG, and routine screening laboratory tests. Subjects with any psychiatric (bipolar disorder, anxiety, psychosis, substance abuse, and current depression), neurological or medical condition which could affect cognitive functioning were excluded. Subjects were allowed to take concomitant psychotropic medications such as antipsychotics, benzodiazepines and acetylcholinesterase inhibitors, but needed to have been stable on them for one month prior to starting the study medication. All subjects had a caregiver available to monitor and administer medication and to accompany them to each clinical visit. Outcome measures of cognition and behavior were administered at baseline and again at 12 weeks. These were: Alzheimer's Disease Assessment Scale-Cognitive subscale (ADAS-Cog) [15] , Mini-Mental State Examination (MMSE) [16] , Behave-AD [17, 18] , Clinical Global Impression Scale (CGI), Hamilton Rating Scale for Depression (HAM-D) [19] , informant version, Blessed Dementia Scale to assess activities of daily living (ADL) [20] , the Physical Self-Maintainance Scale (PSMS), and the Lawton-Brody IADL Scale to measure instrumental activities of daily living [21] . Subjects were given 1200 mg of oral SAM-e each day. To ease compliance, subjects were given the choice of taking 400 mg tid or 600 mg bid. The treatment trial was 12 weeks in duration. To ensure compliance with SAM-e, during each contact caregivers were questioned regarding any missed doses and subjects brought any remaining SAM-e with them to the last visit. The UCLA Medical Institutional Review Board approved this study. SAM-e medication was supplied by Pharmavite LLC, P.O. Box 9606, Mission Hills, CA 91346.
Results
No subjects reported significant side effects. Five subjects improved on the ADAS-Cog by an average of 20%. The sixth declined by 6% (See Table 1 ). Two subjects were "moderately improved" and 4 were "minimally improved" on the CGI. MMSE scores showed little change. Two subjects decreased by 1 point, 1 improved slightly, and 2 were unchanged. Scores on the PSMS showed little change, IADLs were unchanged or improved in all but one subject. Activities ADLs (Blessed) were unchanged or improved in all but one subject. Ham-D scores showed no change or slight improvement. No one developed Parkinsonism on SAM-e (See Table 1 ).
Discussion
The results of this small study suggest the possibility that SAM-e may improve function in AD, particularly in cognition. All subjects showed at least minimal improvement, and two improved moderately. No one worsened significantly in cognition or behavior. The ADAS-Cog is the scale most often used to assess cognition in AD clinical trials. It assesses multiple areas of cognition, including memory, naming, constructional and ideational praxis, orientation, and spoken language abilities. It is a more sensitive indicator of change than is the MMSE. No significant side effects were reported, which is noteworthy as the cholinesterase inhibitors, the current mainstay of treatment, are often limited by side effects [22, 23] .
Our results are similar to those of Bottiglieri et al. [7] . The Cohen et al. [10] study may have failed to show an effect due to its relatively brief duration (14 days). SAMe downregulates presenilin 1 gene expression and beta amyloid production in neuroblastoma cells [24] : this could underlie at least part of SAM-e's clinical effects.
Limitations to this study include its un-blinded nature, small sample size, lack of control group, and its short length. We cannot exclude a practice effect on the ADASCog, although this has not been previously observed with this test in this population. In this small open label study, SAM-e appeared to have a beneficial effect in patients with AD, but the small subject number didn't provide enough power to show statistical significance. Controlled trials, with larger subject numbers to provide adequate statistical power, to investigate the use of S-adenosylmethionine in patients with AD are warranted, as better treatments for AD are clearly needed.
Conclusions
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